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Specific antigen binding by thymus-derived (T) and bone marrow-derived (B) cells 
has been demonstrated  in both humoral  (1-5)  and cell-mediated  (6-8)  immune re- 
sponses.  The receptor for antigen on mature antibody-forming cells  (AFC)  1 and AFC 
precursors (both are B cells) has been clearly shown to be an immunoglobulin molecule 
(1,  3,  9-11).  Evidence has accumulated  that the antigen receptor on "helper"  cells 
(2, 4, 12, 13, 5) and cytotoxic lymphocytes (4, 5, 12-14)  (both are T  cells)  is also an 
immunoglobulin. However, T  cells appear to have far fewer antigen receptors than B 
cells  (3,  12, 13). Therefore, it has been possible to distinguish these two cell types by 
their differences in antigen-binding ability (3, 15, 16). 
Since both T  cells and B cells can bind sheep red blood cells (SRBC) specifically to 
form rosettes  (9,  17,  18,  19),  a  technique was developed to characterize T  rosette- 
forming cells  (RFC) and B RFC by their SRBC-binding ability (15,  16). All T  RFC 
bound less than 10 SRBC, whereas almost all B RFC bound at least 10 SRBC. With 
the  technique  of velocity sedimentation  at  unit  gravity (20,  21),  RFC  of different 
SRBC-binding ability could be purified for functional studies  (16).  B  RFC binding 
10-18 SRBC (designated B1 RFC) were shown to correlate with plaque-forming cell 
(PFC)  precursors; RFC  binding greater than  18 SRBC  (designated  B2 RFC)  were 
shown  to  correlate  with  PFC.  B-cell function  was  thus  directly linked  with  RFC 
binding 10 or more SRBC. 
A  direct demonstration  of the function  of T  RFC  is more difficult because 
T  RFC dissociate within  10 rain of being resuspended from the pellet  (16).  T 
rosettes,  therefore, may be Undetected if dissociation is not prevented. Indeed, 
the instability of T  RFC may account for the failure of some workers to demon- 
strate  T  RFC in populations of "educated"  thymus cells  (22).  If a  metabolic 
inhibitor,  sodium azide,  was added  to the suspension  of rosettes,  T  RFC did 
not dissociate  (16).  Since the effect of azide  could be  reversed  by washing in 
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azide-free medium  (23), it was possible to stabilize and purify viable T  RFC  for 
functional  studies.  The  present  study  is  an  evaluation  of  whether  T  RFC 
evidence helper cell activity. 
Materials and Methods 
Animals.--Female DBA/2  mice  (Jackson Laboratory, Bar Harbor,  Maine)  8-12 wk  of 
age were used. 
Medium.--For a]l living tissue, Eagle's minimal essential medium (MEM)  (Grand Island 
Biological Co.,  Grand  Island,  N.  Y.)  buffered  to  pH  7.4 with  tris(hydroxymethyl)amino- 
methane (Trizma base: GIBCO) was used. (The following volumes per liter were added: 2.19 
M  NaC1,  9.6 ml; 10 times isotonic Trizma base, I0 ml.) 
Sodium Azide.--A 1% (wt/vol) solution of sodium azide (Fisher Scientific Co., Pittsburgh, 
Pa.) in phosphate-buffered saline was used in some of the experiments described. 
Neuraminidase Treatment.--SRBC  (1  X  107) were incubated in a  solution of neuramini- 
dase (General Biochemicals Div., Chagrin Falls, Ohio.)  (50 U/ml in phosphate-buffered saline, 
pH 7.4)  for 30 min at 37°C.  The cells were washed once in MEM and 1 X  106 spleen cells 
were added for rosette formation. 
Antigens and Immunization.--SRBC  obtained from a  single donor animal were stored in 
Alsever's solution at 4°C for at least 1 wk, and then washed three times in MEM before use. 
Preparation of Cell Suspensions and Formation of Rosettes.--Cells from normal spleen were 
teased into MEM. Cell clumps were dispersed by firmly pipetting the suspension with a small 
bore Pasteur pipette. Remaining cell aggregates were allowed to settle. The single cells in the 
upper two-thirds of the suspension were removed, washed three times in MEM, and the nu- 
cleated cell count determined. 
Rosettes were made as reported previously (16) but with the following modifications: 80 X 
106 nucleated cells and 8 )< l0  s SRBC were resuspended in 2 ml of MEM. In the experiments 
shown in Fig.  1, Fig. 2, and Fig. 3, SRBC were pretreated with neuraminidase before rosette 
formation. The cell suspension was centrifuged at 4°C in a 10-ml plastic centrifuge tube (Falcon 
Plastics, Div. of BioQuest, Oxnard, Calif.) at 100 g for 6 min and then incubated at 4°C for 1 h. 
In some experiments (indicated below) 0.1 ml of 1% sodium azide was added before resuspend- 
ing the pellet. 
Fractionation of Rosettes.--Velocity  sedimentation at unit gravity  (20)  was employed  to 
separate rosettes according to size as previously described (16). Glass sedimentation chambers 
(22 cm in diameter)  (O. H. Johns Scientific, Toronto) were used. The cells were loaded  into 
these chambers in 100 ml of 0.17% Ficoll in MEM. A  shallow gradient of 0.35-1.5~-/~ FicoIl 
in MEM was then introduced to lift the cells to the top of the chamber. 
Rosettes were formed and without fixation were subjected to velocity sedimentation.  In 
some experiments  (indicated below)  0.05~o  sodium azide was present in the  sedimentation 
medium. Mter a sedimentation time of 1.5 h 40-ml fractions were collected. A 0.5-ml portion 
was removed from each fraction before washing for counting rosettes. 
Adoptive Transfer of Fraztionated Cdls.--Pooled  fractions of nonrosettes, T  rcsettes, and B 
rosettes were injected intravenously in various combinations (indicated below) into 650-R- 
irradiated syngeneic hosts.  5  X  l0  s SRBC were injected per animal. Controls consisted of 
irradiated mice injected with SRBC alone, or with spleen cells equivalent to the number of 
B  rosettes injected per animal. Spleens were assayed 7 days later for direct hemolytic PFC 
by the technique of Cunningham and Szenberg (24). 
RESULTS 
Relationship between Sedimentation Velocity and Number of SRBC per RFC.-- 
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per RFC had to be established.  Rosettes made from normal spleen were sub- 
jected  to velocity sedimentation  in  either  the presence or absence  of 0.05 % 
azide,  and each fraction was reassayed for rosettes.  When rosettes were sedi- 
mented in azide-free medium, RFC binding less than 10 SRBC dissociated and 
remained as single cells in the small lymphocyte cell band (Fig.  1). However, 
when 0.05 % azide was present in the sedimentation medium, RFC binding less 
than  10 SRBC did not dissociate, but retained  their rosette morphology and 
shifted into a  higher velocity range.  In both experiments  RFC velocity was 
proportional to the number of SRBC bound and when azide was present both 
T  and B rosettes could be separated from small lymphocytes. 
Effect of Sodium Azide on Activity of Adoptively Transferrea Cells.--In order 
to show that the inhibition by azide of metabolic function could be reversed by 
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FIG. 1.  Rosettes were made from normal spleen and subjected to velocity  sedimentation 
in either the presence or absence of 0.05% sodium azide. Rosettes were remade on each frac- 
tion and the number of SRBC per RFC was determined. Each point represents the  average 
antigen-binding ability of at least 15 rosettes. 
washing in azide-free medium, normal spleen cells were incubated at 4°C in the 
presence or absence of 0.05 % sodium azide for 2 h. The cells were then washed 
three times in azide-free medium. 8 >(  106 nucleated cells were transferred with 
5 )<  l0  s SRBC into 650-R-irradiated hosts. 7 days later, 19S PFC were assayed. 
The results in Table I  indicate that pretreatment with sodium azide had no 
effect on the PFC response. Therefore, the inhibitory effect of sodium azide can 
be reversed by washing three times in azide-free medium. 
Separation of T and B Rosettes.--When  SRBC were treated with neuramini- 
dase before rosette formation the SRBC binding of B  RFC increased without 
altering that of T  RFC (16).  This enabled a cleaner separation between T  and 
B rosettes by velocity sedimentation as illustrated in Fig. 2a. Here, in the pres- 
ence of azide, nonrosette small lymphocytes sedimented less than 4.5 mm per h 
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TABLE I 
Effect of Azide on 19S PFC Response of Transferred Spleen Cells 
Ceils injected  PFC per spleen 
Spleen- azide  8  X  106  360  4- 45 
Spleen +  azide  8  X  106  440  ±  96 
SRBC  --  10  ±  7 
Spleen ceils were incubated at 4°C for 2 h in the presence or absence of 0.05% sodium 
azide, washed three times in azide-free medium, and injected into 650-R-irradiated animals. 
Direct PFC per spleen were assayed 7 days later. 
sedimented  between  4.5  and  6.5  mm per  h.  T  rosettes  binding  4-10  SRBC 
sedimented between 6.5 and 11.5 mm per h  (fractions C and D). Single-layered 
(B1) rosettes sedimented between 11.5 and 14.9 mm per h  (fraction E). Multi- 
layered (B2) rosettes sedimented at velocities greater than 14.9 mm per h  (frac- 
tion F). 
Activity of Helper Cells and Precursors  of PFC.--An experiment was designed 
to test rosette fractions of varying sedimentation velocities for the presence of 
helper cell function or PFC precursor cell function. Each fraction, from normal 
spleen, was transferred with 5  X  108 SRBC and either 10 X  l0 G  bone marrow 
cells or 25  X  106 thymus cells into irradiated animals. Direct PFC per spleen 
were assayed 7 days later. Synergism with bone marrow cells represents helper 
T-cell activity; synergism with thymus cells represents PFC precursor activity. 
The results in Fig. 2 b show that most of the helper cell activity remained in 
the  nonrosette  fraction.  There was no helper  cell  activity associated  with  T 
rosettes (fractions C and D). Controls, consisting of thymus cells or bone mar- 
row cells with SRBC,  or SRBC  injected alone, yielded low background PFC 
values. Fractions A-D injected with thymus cells did not result in any signifi- 
cant PFC  response compared to the controls. Bone marrow cells  (1.0  X  10  ~ 
and thymus cells (2.5  X  107) injected  together yielded 250 PFC per spleen. 
Significant synergism with thymus cells occurred in fraction E  where single- 
layered B1 RFC sedimented. This fraction therefore contained the majority of 
PFC  precursors.  Fraction  F  which  contained  multilayered  rosettes  did  not 
synergize with either bone marrow or thymus cells.  This result agrees with the 
previous report  that  PFC  precursors  form single-layered rosettes  (BI  RFC) 
(16). 
Are Helper  Cells  Very  Low Antigen-Binding  Cells?--The  possibility  exists 
that  helper  cells  bind  fewer than  four  SRBC  (which  was  the  lower limit  of 
reliable  morphological  assessment)  and  may not  have  been  detected  by the 
rosette technique used  (15,  16).  Therefore, each rosette fraction from the  sed- 
imentation was examined for lymphocytes binding two and three  SRBC. The 
result in Fig. 3 shows that lymphocytes binding two or three SRBC  sediment 
at velocities greater than 4.5 mm per h. Therefore as helper activity was  asso- B.  E.  ELLIOZ%  J.  S.  IiASKILL,  AND  M.  A.  AXELRAD  1137 
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FIO. 2.  (a)  Rosettes against neuraminidase-treated SRBC were made from normal  spleen 
cells and sedimented in the presence of sodium azide. Single cells (A- -~,) and rosettes (O--Q) 
were counted in each fraction. The morphology of rosettes in each fraction is indicated  sche- 
matically. (b) Fractions A, B, C, and D were injected with either 1 X  107 bone marrow  cells 
or 2.5  X  107 thymus cells into 650-R-irradiated animals. Direct PFC per spleen were assayed 
after 7 days. Standard errors are indicated (lines). 
ciated with velocities of 4.5 mm per h  and less, most of the helper cell activity 
in Fig. 2b has been correlated with small lymphocytes that do not bind antigen. 
Additional  Tests.--The  results in Fig.  2  are an example of numerous  experi- 
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FIG. 3.  Rosettes were made from normal spleen and subjected  to velocity sedimentation 
in the presence of 0.05%  sodium azide.  Each fraction was assayed for lymphocytes binding 
zero,  two,  or three SRBC. 
arated by velocity sedimentation were injected in different combinations into 
irradiated  recipients. Helper T-cell function in both normal thymus cells and 
normal  spleen  cells was  always associated  with  the  nonrosette  fraction.  Re- 
gardless of whether the source of B  RFC was from bone marrow cells or from 
normal spleen cells,  he]per cell activity invariably correlated with lymphocytes 
that did not bind detectable numbers of SRBC. 
Analogous  studies  in  vitro  have  yielded  similar  results.  Nonrosettes  and 
rosettes  (both T  and  B  RFC),  were isolated  by velocity sedimentation with 
0.05 % sodium azide present. When T  and B  RFC were cultured together with 
irradiated  (1000 R) syngeneic spleen cells as feeder cells,  no 19S PFC response 
occurred.  Only  after  the  nonrosette  fraction  was  added  back  to  the  rosette 
fraction was an anti-SRBC PFC response elicited  (J.  S.  Haskill, unpublished 
results). These results further indicate  that helper T  cells in the  19S PFC re- 
sponse do not form rosettes. 
DISCUSSION 
The antigen-binding  characteristics of T  RFC  are different from those of B 
RFC.  Not  only do T  RFC  bind less antigen than B  RFC  (3, 15, 16), but  T 
RFC  also form less stable rosettes which tend  to dissociate after being  resus- 
pended  from the pellet (16). The dissociation of T  rosettes may  be caused  by 
"capping"  of immunoglobulin  receptors  (18, 25). The  stabilization of T  RFC 
with azide (16)  is consistent with the hypothesis that there is a rapid turnover 
of the immunoglobulin receptor for antigen on T  lymphocytes (N.  L. Warner, 
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With sodium azide present in the suspending medium, a reliable separation 
of T  RFC from nonrosette small lymphocytes could be achieved by velocity 
sedimentation. When neuraminidase-treated SRBC were used to make rosettes, 
B RFC bound greater numbers of SRBC while the antigen-binding ability of 
T RFC was unaffected (16). A clearer separation between T  RFC and B RFC 
could thus be obtained. This separation procedure was a  useful tool for ob- 
taining enriched populations of T  RFC and B RFC, and for depleting spleen 
cells of SRBC-specific antigen-binding lymphocytes. 
The results in Fig. 2 indicate that T  RFC from unprimed animals do not 
function as helper cells involved in the direct PFC response of bone marrow B 
cells against SRBC. Other workers have failed to observe increased levels of 
T  RFC  (sensitive to anti-0 serum plus complement) in primed animals with 
elevated helper cell activity (26). Furthermore, Wigzell has failed to bind helper 
cells on antigen-coated glass bead columns (3,  27).  The results now reported 
are the first direct demonstration that T RFC present in normal spleen are not 
helper cells. 
Although T  cells  have a  wider range of specificities than B  cells  (28,  29), 
nevertheless, helper T  cells do recognize antigen specifically. Cheers et al.  (4) 
showed that carrier-primed T  cells could enhance the antibody response only 
against haptens coupled onto the carrier used for priming. Feldman has demon- 
strated an antigen-specific factor secreted by activated T  cells in vitro  (30). 
The most convincing evidence for specific antigen recognition is that the helper 
cell function of unprimed T  cells  (2) or carrier-primed T  cells  (5)  can be spe- 
cifically inhibited by "hot antigen suicide." The results of such experiments 
indicate that there are receptors for antigen on both unprimed and activated 
helper T  cells,  but despite this, such receptors appear not to confer rosette- 
forming  ability  to  these  cells  or  to  result  in  the  retention  of  these  cells 
on antigen-coated glass bead columns (3, 27). It has been postulated that the 
receptor for antigen on T  cells is buried further below the cell surface than the 
receptor on B cells (31). This altered configuration might weaken the ability of 
T  cells to bind particulate antigens such as SRBC. 
The possibility that T  rosettes are completely nonspecific entities produced 
by cytophilic antibody is unlikely. Lee and Paraskevas (32) found very few T 
lymphocytes carrying cytophilic antibody in unprimed spleen cells; only after 
immunization in vivo  (32) or after treatment with antigen and adjuvant in 
vitro (33) could significant numbers of T cells with passively absorbed antibody 
be detected. T cells in unimmunized animals displayed no detectable cytophilic 
antibody. Furthermore, when rosettes were made in the presence of two un- 
related antigens, SRBC and human RBC,  rosettes binding both antigens si- 
multaneously were not formed (B. E. Elliott, unpublished result). Therefore T 
RFC appear to bind antigen specifically. 
The present system has failed to correlate T  RFC with helper cell function 
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significance of T  RFC. One is that T  RFC might represent a  later derivative 
of the helper cell. Whereas functional helper T  cells do not bind SRBC, they 
may mature into T  cells which have lost helper function but have developed 
more receptors (or increased affinity) for antigen and thus the incidental ability 
to form rosettes. A correlation between maturity and increasing antigen-binding 
ability is at least characteristic of B-type immunocompetent cells.  Early em- 
bryonic liver  cells  contain  PFC  precursors  with  very weak  antigen-binding 
properties (B. E. Elliott and D. K. MacFadden, unpublished results). However, 
immunocompetent cells in animals previously exposed to antigen have greater 
antigen-binding ability than those in normal spleen (34). Thus PFC precursors 
develop a greater affinity for antigen as they mature. 
Another possibility is that T  RFC may represent helper cells in the 7S PFC 
response. Experiments of Basten et al.  (2)  provide some support for this hy- 
pothesis.  These experiments involved a  hot  antigen suicide  technique which 
resulted in selective inhibition of helper cell activity in the 7S rather than the 
19S PFC response (2). T  RFC may prove to be helper cells for the 7S PFC 
response. 
A plausible alternative is that T  RFC may be lymphocytes associated with 
the  cell-mediated  reaction  against  target  SRBC.  Several investigators  have 
provided support  for this  contention.  Increased  numbers  of thymus-derived 
rosette-forming lymphocytes were found in mice immunized with poly-(A:U) 
(35). The latter is an adjuvant known to enhance the capacity of an animal to 
mediate delayed hypersensitivity (35). Increased numbers of T  RFC  against 
allogeneic (DBA/2)  erythrocytes were found in the peripheral blood of CBA 
mice which were rejecting a DBA/2  skin graft (36). T  RFC might therefore 
be  cells  associated  with  delayed  hypersensitivity or  xenogeneic graft  rejec- 
tion. 
Preliminary experiments have failed to  correlate T  rosettes in  the  lymph 
nodes of mice with  effector cells  in delayed-type hypersensitivity3 The pos- 
sibility that T  RFC are precursors of cells involved in delayed hypersensitivity 
is being investigated. 
In conclusion, there is little doubt that T  RFC are thymus-derived antigen- 
binding cells. The present work is the first in which it has been possible to per- 
form functional tests on an isolated population of T  RFC with specificity for a 
known antigen. In this system it has been shown that T RFC are not the agents 
of thymic helper activity for the direct PFC response to SRBC. The question 
of what physiological role is played by T  RFC  has thus been narrowed but 
remains open. 
SUMMARY 
Rosettes against  SRBC  were made from normal  spleen cells.  Although T 
rosettes tend to dissociate, they could be stabilized with 0.05 % sodium azide. 
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A  clear separation of nonrosettes, T  rosettes, and B  rosettes was obtained by 
subjecting the suspension of splenic rosettes to velocity sedimentation at unit 
gravity. Each fraction was injected  with either normal bone marrow cells or 
normal thymus cells with antigen into  650-R-irradiated hosts. Direct plaque- 
forming cells (PFC)  were assayed in the spleens 7 days later.  Synergism with 
thymus cells occurred only in the B-rosette fraction; PFC precursors therefore 
sedimented as B  rosettes. Synergism with bone marrow cells occurred only in 
the nonrosette  small lymphocyte fraction; helper cells therefore did not bind 
detectable numbers of sheep red blood cells (SRBC). Thus T  rosettes are not 
helper cells in the direct PFC response of bone marrow B  cells to SRBC. 
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